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OSCILLATOR AND ELECTRONIC APPARATUS USING THE SAME 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to high-frequency oscillators and electronic apparatus using 
the oscillators; for example, to an oscillator used as a local oscillator in a communication 
apparatus, and to other electronic apparatus using the oscillator. 

2. Description of the Related Art 

Conventional high-frequency oscillators have structures as disclosed, for example, in 
Unexamined Japanese Patent Application Publication No. Sho-63-9203 and Unexamined 
Japanese Patent Application Publication No. Hei-1 0-1 73439. 

In Unexamined Japanese Patent Application Publication No. Sho-63-9203, an oscillator 
mainly including a dielectric substrate, a cylindrical dielectric resonator made from a large- 
dielectric-constant dielectric, a semiconductor device, and a metallic case is disclosed in an 
outlined manner. The dielectric resonator is mounted on the dielectric substrate through a 
support dielectric, is covered by the metallic case, resonates, for example, in TE016 mode, and is 
electromagnetically coupled with a microstrip line formed on the dielectric substrate. The 
microstrip line is connected to the semiconductor device mounted on the dielectric substrate. 
These components together form an oscillating circuit having a resonating circuit section and an 
amplifying circuit section. 
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In Unexamined Japanese Patent Application Publication No. Hei-1 0-1 73439, an oscillator 
mainly including a multi-layer substrate, a stripline resonator formed on an internal layer of the 
multi-layer substrate, and a semiconductor device mounted on a surface of the multi-layer 
substrate is disclosed in an outlined manner. The stripline resonator is connected to the 
semiconductor device. These components together form an oscillating circuit having a 
resonating circuit section and an amplifying circuit section. 

In the oscillator disclosed in Unexamined Japanese Patent Application Publication No. 
Sho-63-9203, however, since the dielectric resonator is placed on the dielectric substrate, it is 
very difficult to reduce positional shifts between the dielectric resonator and the microstrip line 
formed on the dielectric substrate, and it is also very difficult to reduce deviations in the 
oscillating frequency. In addition, because the cylindrical dielectric resonator is mounted on the 
dielectric substrate, the oscillator is relatively tall. It is difficult to make the oscillator low or 
compact. 

In the oscillator disclosed in Unexamined Japanese Patent Application Publication No. 
HeM 0-1 73439, since the resonator has a low Q, deviations in the oscillating frequency become 
large and the stability of the frequency deteriorates. In addition, because the stripline resonator is 
formed on an internal layer of the multi-layer substrate, the stripline resonator needs to have a 
dielectric layer (dielectric substrate) made from the same material as that used for the multi-layer 
substrate. It is very difficult to select the most appropriate material for the dielectric layer to 
obtain a resonator which has a stable frequency with respect to temperature changes. 
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SUMMARY OF THE INVENTION 

The present invention solves the foregoing problems. Accordingly, an oscillator 
according to the present invention has a low profile, a small amount of deviation of the 
oscillating frequency, and high temperature stability; and an electronic apparatus using the 
oscillator has these advantages as well. 

In one aspect of the present invention, the oscillator includes a dielectric substrate on 
which a microstrip-line resonator and a coupling line coupled with the microstrip-line resonator 
are formed; an active device is connected to the coupling line and constitutes an oscillating 
circuit together with the microstrip-line resonator; a package substrate, on which the dielectric 
substrate is mounted, has a smaller dielectric constant than the dielectric substrate; and the active 
device is mounted on the package substrate. In the oscillator, a frequency- van able device may 
be mounted on the package substrate. 

In another aspect of the present invention, the oscillator includes a dielectric substrate on 
which a microstrip-line resonator and a coupling line coupled with the microstrip-line resonator 
are formed; an active device connected to the coupling line and constituting an oscillating circuit 
together with the microstrip-line resonator; and a package substrate on which the dielectric 
substrate is mounted and which has a smaller dielectric constant than the dielectric substrate, 
wherein the active device is mounted on the dielectric substrate. In the oscillator, a frequency- 
variable device may be mounted on the dielectric substrate. 

In the oscillator, a bias line and a bias resistor both for applying a bias voltage to the 
active device may be formed on the dielectric substrate. 
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In the oscillator, for manufacturing efficiency, the microstrip-line resonator and the 
coupling line may be formed at the same time by the same electrode forming method. The 
electrode forming method may be a thin-film-electrode forming method, such as evaporation or 
sputtering, for example. The microstrip-line resonator and the coupling line may be formed by 
photolithography. The electrode forming method may be a thick- film-electrode forming method 
such as screen printing, for example. 

Efficiency may also be achieved by making the resonator and coupling line by the same 
method but at different times; or at the same time but by different or similar methods. 

In the oscillator, the dielectric substrate may be mounted on the package substrate by die 
bonding. The dielectric substrate and the package substrate may be electrically connected by 
wire bonding. The dielectric substrate may be mounted on the package substrate by flip-chip 
mounting. 

The dielectric substrate may have a relative permittivity of 20 or more. 

The temperature characteristic of the dielectric substrate may be specified such that the 
temperature drift of the resonant frequency of the microstrip-line resonator is within 0.1% of the 
resonant frequency in a temperature range of 0°C to 70°C. 

In the oscillator, the package substrate may be an alumina substrate. The package 
substrate may be a resin substrate. 

The oscillator may further include an electrically conductive cap for sealing the dielectric 
substrate mounted on the package substrate, and the active device. 

In still another aspect of the present invention, an electronic apparatus includes an 
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oscillator as described above. 

With the above structures, an oscillator according to the present invention is made to have 
a low profile. In addition, the oscillator has a narrow oscillating frequency deviation. 
Furthermore, the oscillator has high temperature stability. In addition, when the active device is 
mounted on the dielectric substrate, the oscillator is compact and has a low profile. 

When a frequency- variable device is mounted on the package substrate or on the 
dielectric substrate, the oscillator can serve as a voltage-controlled oscillator. 

When the microstrip-line resonator and the coupling line are formed at the same time 
and/ or by an identical or similar electrode forming method, or material, the oscillating frequency 
of the oscillator has a narrow deviation. 

When the relative permittivity of the dielectric substrate is set to 20 or more, the 
microstrip-line resonator is made compact. 

When the temperature characteristic of the dielectric substrate is specified such that the 
temperature drift of the resonant frequency of the microstrip-line resonator is within 0.1% of the 
resonant frequency in a temperature range of 0°C to 70°C, high temperature stability is obtained. 

When an electrically conductive cap is provided for sealing the dielectric substrate and 
the active device mounted on the package substrate, frequency stability is maintained against 
external electromagnetic interference. 

In an electronic apparatus of the present invention, since an oscillator according to the 
present invention is used, a low profile and high performance are provided and high temperature 
stability is obtained. 
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Other features and advantages of the invention will be understood from the following 
description of embodiments thereof, with reference to the drawings, in which like references 
denote like elements and parts. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view of an oscillator according to an embodiment of the present 
invention. 

Fig. 2 is a plan of a dielectric substrate used for the oscillator shown in Fig. 1. 
Fig. 3 is a perspective view of an oscillator according to another embodiment of the 
present invention. 

Fig. 4 is a perspective view of an oscillator according to still another embodiment of the 
present invention. 

Fig. 5 is a plan of a dielectric substrate used for the oscillator shown in Fig. 4. 
Fig. 6 is a perspective view of an oscillator according to yet another embodiment of the 
present invention. 

Fig. 7 is a perspective view of an electronic apparatus according to an embodiment of the 
present invention. 

DESCRIPTION OF EMBODIMENTS OF THE INVENTION 

Fig. 1 is a perspective view of an oscillator according to an embodiment of the present 
invention. The oscillator 1 shown in Fig. 1 is structured such that a dielectric substrate 2, a 
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transistor 3 which is a resin-molded active device, and a varactor diode 4 which is a resin-molded 
frequency-variable device are mounted on one main surface of a package substrate 5. 

The package substrate 5 is formed of an alumina substrate having a relatively small 
dielectric constant (a relative permittivity of about 9 to 10). In addition to lands for mounting the 
dielectric substrate 2, the transistor 3, and the varactor diode 4, the package substrate 5 has wires 
for connecting components, and connection lands 6 for wire bonding formed on one main surface 
thereof. Connection terminals 7 are formed at an end face thereof. The connection terminals 7 
aie connected to a ground electrode, to lands for mounting components, to wires, and to 
connection lands all formed on the package substrate 5, through surfaces or the inside of the 
package substrate 5. 

The dielectric substrate 2 is a large-dielectric-constant dielectric substrate having a 
relatively high relative permittivity of about 30. A microstrip line is formed on one main surface 
thereof, and a ground electrode is formed on almost the entire area of the other main surface. 

Fig. 2 is a plan of the dielectric substrate 2. As shown in Fig. 2, a microstrip-line 
resonator 10 which resonates at a half wavelength at about 10 GHz and which is open at both 
ends, coupling lines 1 1, 12, and 13, a resistor 14, a land 15, and bias lines 16 and 17 are formed 
on the one main surface of the dielectric substrate 2. The microstrip-line resonator 10 is disposed 
almost at the center of the dielectric substrate 2, and the coupling lines 1 1 and 12 are disposed at 
both sides thereof with gaps gl and g2 being provided respectively. The coupling line 13 is 
disposed at one open end of the microstrip-line resonator 10 with a gap g3 being provided. A 
part of the coupling line 1 1 is connected to the connection land 15 through the resistor 14. A part 
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of the coupling line 12 is connected to the bias lines 16 and 17. The resistor 14 and the bias lines 
16 and 17 are used for applying a bias voltage to the transistor 3. 

Thin-film electrode patterns are formed by photolithography technology on the one main 
surface of the dielectric substrate 2, preferably at the same time and by the same electrode 
forming technique and materials, to make all the transmission lines and electrodes other than the 
resistor 14. 

The dielectric substrate 2 is made of a material having a dielectric constant and a thermal 
expansion rate both specified such that the temperature drift of the resonant frequency of the 
microstrip-line resonator 10 formed on the one main surface of the dielectric substrate 2 is within 
0.1% of the resonant frequency at a temperature range of 0°C to 70°C. In this case, since the 
resonant frequency of the microstrip-line resonator 10 is about 10 GHz, its temperature drift is 
within about 1 0 MHz. 

Referring again to Fig. 1, the dielectric substrate 2 is connected to predetermined Kinds on 
the package substrate 5 by wire bonding. A meltable metal such as solder or electrically 
conductive adhesive is preferably used as the material for wire bonding. The transistor 3 and the 
varactor diode 4 are mounted on predetermined lands on the package substrate 5 by soldering. 
The coupling lines 1 1 and 12 formed on the dielectric substrate 2 are connected to the electrodes 
connected to terminals of the transistor 3 by wire bonding, and the coupling line 13 is connected 
to the electrode connected to a terminal of the varactor diode 4 also by wire bonding. The 
connection land 15 and the connection lines 16 and 17 formed on the dielectric substrate 2 are 
connected to the connection lands 6 formed on the package substrate 5, by wire bonding. 
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In the oscillator 1 configured in this way, an oscillating circuit is formed of the 
microstrip-line resonator 10 and the transistor 3, and oscillates at about 10 GHz. Since the 
microstrip-line resonator 10 is connected to the varactor diode 4 through the coupling line 13, a 
bias voltage applied to the varactor diode 4 can be changed to change the resonant frequency of 
the microstrip-line resonator 10, thereby changing the oscillating frequency of the oscillator 1. In 
other words, the oscillator 1 can serve as a voltage-controlled oscillator. 

Since in the oscillator 1, the microstrip-line resonator 10 is formed on the dielectric 
substrate 2 having a large dielectric constant, the microstrip-line resonator 10 can be made 
compact and made to have a low profile, and therefore, the oscillator 1 can be made compact and 
made to have a low profile. 

In addition, because the dielectric substrate 2 can be made from a material having a high 
Q value which is different from that used for the package substrate 5, the Q value of the 
microstrip-line resonator 10 itself can be increased. 

Furthermore, since only the resonator and its peripheral circuits are formed on the 
dielectric substrate 2 having a large dielectric constant and the connection terminals 7 used for 
signal inputs and outputs are provided on the package substrate 5 having a relatively small 
dielectric constant, a problem caused by forming all components on a large-dielectric-constant 
substrate, that is, an increase in the parasitic capacitance generated at transmission lines and 
terminals is reduced, to prevent the high-frequency characteristic of the oscillator 1 from 
deteriorating. 
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If the package substrate 5 is formed of alumina, a lower cost is implemented. In addition, 
since the alumina substrate has high strength and good long term stability, the oscillator 1 has 
high reliability. 

If the thin-film electrode patterns are formed by photolithography technology at the same 
time and by the identical electrode forming method and materials, to make the microstrip-line 
resonator 10 and the coupling lines 11, 12, and 13, the size of each electrode and their mutual 
positional relationships, more specifically, the sizes of the microstrip-line resonator 10 and the 
coupling lines 11, 12, and 13, and the gaps gl, g2, and g3 between them, have very high 
precision. Specifically, the dimensional precision can be set to 1 /urn or less. Therefore, the 
precision of the resonant frequency of the microstrip-line resonator 1 0 is increased to make the 
deviation of the oscillating frequency of the oscillator 1 narrower. 

Since material characteristics, such as the dielectric constant and the thermal expansion 
rate, of the dielectric substrate 2 are specified such that the temperature drift of the resonant 
frequency of the microstrip-line resonator 10 is within 0.1% of the resonant frequency at a 
temperature range of 0°C to 70°C, the temperature drift of the microstrip-line resonator 10 is 
made very small, so that the temperature drift of the oscillator 1 is also small, thereby obtaining a 
high temperature stability. 

Due to the synergy of a narrowed deviation and a reduced temperature drift, the 
oscillating frequency of the oscillator 1 has a narrow deviation over the entire operation 
temperature range. 
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Fig. 3 is a perspective view of an oscillator according to another embodiment of the 
present invention. In Fig. 3, the same symbols are assigned to the same portions as, or portions 
similar to, those shown in Fig. 1, and descriptions thereof are omitted. 

In Fig. 3, the oscillator 8 is structured such that the oscillator 1 shown in Fig. 1 is 
provided with a metallic cap 9. With this structure, the dielectric substrate 2 and the transistor 3 
are sealed by the package substrate 5 and the cap 9. The material of the cap 9 is not limited to 
metal. A cap made from a resin on which an electrically conductive film is formed may be used, 
for example. 

Since the oscillator 8 is structured as described above, the breakage of the electrodes of 
the microstrip-line resonator 10 and other electrodes formed on the dielectric substrate 2, the 
breakage of the wires which connect between the dielectric substrate 2 and the package substrate 
5, and the breakage of the transistor 3 are prevented. In addition, since the cap 9 also serves as 
an electromagnetic shield, the frequency of the oscillator 8 is stabilized against external 
electromagnetic interference. 

Fig. 4 is a perspective view of an oscillator according to still another embodiment of the 
present invention. The oscillator 20 shown in Fig. 4 is structured such that a dielectric substrate 
21 is placed in a cavity formed at one main surface of a package substrate 22. 

The package substrate 22 is formed of alumina. The dielectric substrate 21 is 
accommodated and also connection lands 23 for connecting between the dielectric substrate 21 
and the package substrate 22 are formed in a cavity formed in one main surface of the package 
substrate 22. On an end face of the package substrate 22, connection terminals 24 are formed. 
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The connection terminals 24 are connected to a ground electrode, lands for mounting 
components, wires, and connection lands all formed on, through, or inside the package substrate 
22. 

The dielectric substrate 21 is a large-dielectric-constant dielectric substrate having a 
relatively high relative permittivity of about 30. A microstrip line is formed on one main surface 
thereof, and a ground electrode is formed on almost the entire area of the other main surface. 

Fig. 5 is a plan of the dielectric substrate 21. In Fig. 5, the same symbols are assigned to 
the same portions as, or portions similar to, those shown in Fig. 2, and descriptions thereof are 
omitted. 

On the dielectric substrate 21 shown in Fig. 5, in addition to the electrodes formed on the 
dielectric substrate 2 shown in Fig. 2, lands 31, 33, and 35 and a bias line 34 are formed. The 
coupling line 13 is connected to the land 35 through the bias line 34. A bare-chip transistor 30 
and a bare-chip varactor diode 32 are mounted on the dielectric substitute 21 by die bonding, by 
a meltable metal such as solder or an electrically conductive or insulating adhesive, for example. 
The coupling lines 1 1 and 12 are connected to the transistor 30 by wire bonding, and the 
transistor 30 is connected to the land 3 1 also by wire bonding. The land 31 is grounded. The 
coupling line 13 is connected to the varactor diode 32 by wire bonding, and the varactor diode 32 
is connected to the land 33 by wire bonding. 

In the same way as for the dielectric substrate 2 shown in Fig. 2, patterns are formed by 
photolithography technology on thin-film electrodes formed on one main surface of the dielectric 
substrate 21 at the same time by identical electrode forming methods and materials to make all 

00519622.1 



# 

- 13 - 



the transmission lines and electrodes other than the resistor 14. Therefore, good manufacturing 
precision is obtained and the resonant frequency of the microstrip-line resonator 10 has a narrow 
deviation. 

The dielectric constant and the thermal expansion rate of the material of the dielectric 
substrate 21 are specified such that the temperature drift of the resonant frequency of the 
microstrip-line resonator 10 formed on the one main surface is within 0.1% of the resonant 
frequency at a temperature range of 0°C to 70°C, in the same way as for the material of the 
dielectric substrate 2 shown in Fig. 2. Therefore, also in this case, since the resonant frequency 
of the microstrip-line resonator 10 is about 10 GHz, its temperature drift is within about 10 MHz. 

Referring again to Fig. 4, the dielectric substrate 21 is mounted in the cavity of the 
package substrate 22 by die bonding. As a material for die bonding, a meltable metal such as 
solder or electrically conductive adhesive is used, for example. The lands 15 and 35 and the bias 
lines 16 and 17 formed on the dielectric substrate 21 are connected by wire bonding to the 
connection lands 23 formed on the package substrate 22. 

Also in the oscillator 20 configured in this way, an oscillating circuit is formed of the 
microstrip-line resonator 10 and the transistor 30, and oscillates at about 10 GHz in the same way 
as in the oscillator 1 shown in Fig. 1 . Since the microstrip-line resonator 10 is connected to the 
varactor diode 32 through the coupling line 13, a bias voltage applied to the varactor diode 32 
can be changed to change the resonant frequency of the microstrip-line resonator 10, thereby 
changing the oscillating frequency of the oscillator 20. In other words, the oscillator 20 can 
serve as a voltage-controlled oscillator. 
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The oscillator 20 configured as described above have the same advantages as the 
oscillator 1, such as compactness, a low profile, the prevention of deterioration of high-frequency 
characteristics, a low cost, reliability improvement, a narrow deviation, and the improvement of 
temperature stability. 

In addition, since the oscillator 20 uses a bare-chip transistor and varactor diode, it can be 
more compact than the oscillator 1. 

Fig. 6 is a perspective view of an oscillator 25 according to yet another embodiment of 
the present invention. In Fig. 6, the same symbols are assigned to the same portions as, or 
portions similar to, those shown in Fig. 4, and descriptions thereof are omitted. 

In Fig. 6, the oscillator 20 shown in Fig. 4 is provided with a plane, metallic cap 26 so as 
to cover the cavity of the package substrate 22. Therefore, the dielectric substrate 21 and the 
transistor 30 and the varactor diode 32 mounted thereon are sealed by the package substrate 22 
and the cap 26. The cap 26 is not limited to being a metallic cap. It may be a cap made from a 
resin on which an electrically conductive film is formed. 

Since the oscillator 25 is structured as described above, the breakage of the bare-chip 
transistor 30 and the bare-chip varactor diode 32 and the electrodes of the microstrip-line 
resonator 10 and other electrodes, and the breakage of the wires which connect between the 
dielectric substrate 21 and the package substrate 22 are prevented. In addition, since the cap 26 
also serves as an electromagnetic shield, the frequency of the oscillator 25 is stabilized against 
external electromagnetic interference. 
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A varactor diode is provided in the oscillator of each of the above embodiments as a 
frequency-variable device. A frequency- variable device is not necessary required. The present 
invention can also be applied to an oscillator having no frequency variable function. 

In each of the above embodiments, a thin- film-electrode forming method is used to form 
electrodes on a dielectric substrate, preferably at the same time. Thick-film-electrode forming 
methods, such as screen printing, may also be used to form the electrodes at the same time. In 
this case, both electrodes and other patterns can be formed at the same time by the thick-film 
method. 

It may be possible not to form all electrodes at the same time irrespective of whether thin- 
film-electrode forming or thick- film-electrode forming is used, and further, two or more different 
electrode forming methods may be used, either at the same time or at different times. The 
electrodes are preferably made of the same material in a single process as described above, but 
may also be made of different materials. 

In each of the above-described embodiments, a dielectric substrate is mounted on a 
package substrate by die bonding. The dielectric substrate may be flip-chip-mounted on the 
package substrate. 

In each embodiment described above, the relative permittivity of a dielectric substrate is 
set to 30. The relative permittivity of the dielectric substrate needs to be 20 or more, which is 
sufficiently higher than, for example, the relative permittivity, 10, of an alumina substrate. The 
higher the relative permittivity is, the more compact a micro strip- line resonator formed there can 
be made. 
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In each embodiment described above, an alumina substrate is used as a package substrate. 
A resin substrate may be used. 

Fig. 7 is a perspective view of an electronic apparatus according to an embodiment of the 
present invention. In Fig. 7, a portable telephone 30, which is one type of electronic apparatus, is 
provided with a casing 3 1, a printed circuit board 32 disposed in the casing 31, and an oscillator 
33 according to the present invention mounted on the printed circuit board 32. 

Since the oscillator 33 according to the present invention is used, the cost of the portable 
telephone 30 structured as described above is reduced and the performance thereof is improved. 

In Fig. 7, the portable telephone is shown as an electronic apparatus of the present 
invention. The apparatus is not limited to the portable telephone. The present invention can be 
applied to any electronic apparatus using an oscillator according to the present invention, such as 
a personal computer having a communication function and a portable information terminal. 

Although the present invention has been described in relation to particular embodiments 
thereof, many other variations and modifications and other uses will become apparent to those 
skilled in the art. Therefore, the present invention is not limited by the specific disclosure herein. 
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